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Abstract

Introduction: Living in a deprived neighborhood is associated with an increased risk
of severe maternal morbidity (SMM), but the specific deprivation factors or individual
SMM conditions driving this risk remain unclear. This study examined how different
domains and subdomains of the Index of Multiple Deprivation (IMD) are associated
with SMM, identifying key contributors.

Material and Methods: We conducted a nationwide, population-based cohort study
using English Hospital Episode Statistics Admitted Patient Care (HES APC) data.
The cohort included 4040106 women aged 10-55years who gave birth in NHS
facilities in England between January 1, 2013, and March 31, 2023, with pregnancies
of 220weeks' gestation. Multilevel multivariable Poisson regression estimated
adjusted risk ratios (aRR) and 95% confidence intervals (Cl) of composite SMM and
key individual SMM conditions for each IMD quintile compared to the least deprived
quintile, and aRR (95% Cl) of composite SMM in each IMD domain/subdomain quintile
compared to the least deprived quintile.

Results: IMD domains showed varying associations with SMM. Income and
employment deprivation had the strongest associations, with women living in the most
deprived quintile having aRRs of 1.16 (95% Cl 1.12-1.20) and 1.15 (95% Cl 1.11-1.19)
compared to those living in the least deprived quintile, respectively. Contrastingly,
high geographical barriers to services were associated with a lower risk of SMM (aRR:
0.92 (95% CI 0.88-0.95)). Sepsis, acute cardiac events, and embolism play a key role
in the association between composite deprivation and SMM, with women living in the
most deprived areas having risk ratios of 1.43 (95% Cl 1.36-1.50), 1.24 (95% Cl 1.09-
1.41), and 1.97 (95% Cl 1.69-2.29), respectively, for each of the conditions, compared
to women living in the least deprived areas.

Conclusions: There appears to be a widening gap in the risk of SMM between women
living in the least and most deprived areas in England, with sepsis, cardiac events, and

embolism having the strongest association with deprivation. Composite measures of

Abbreviations: aRR, adjusted risk ratio; Cl, confidence interval; HES APC, Hospital Episode Statistics Admitted Patient Care; IMD, Index of Multiple Deprivation; NHS, National Health
Service; PAF, population attributable fraction; SMM, severe maternal morbidity.
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1 | INTRODUCTION

In England, women living in the most deprived areas have more
than twice the risk of maternal death compared to those living
in the least deprived areas, and this gap is widening.! However,
for every maternal death, many more women experience serious
health complications around the time of childbirth. These com-
plications, collectively referred to as severe maternal morbidity
(SMM), occur approximately 100 times more frequently than ma-
ternal mortality. A population-based study using data from 2016
to 2021 identified a clear dose-response relationship where the
odds of experiencing SMM increased with greater levels of dep-
rivation.? Yet, it remains unclear which specific SMM conditions
are driving this trend, complicating efforts to identify causal
pathways.

In addition, this study,® alongside many other population-based
SMM studies in high-income countries, relies on neighborhood-level
composite deprivation measures, because of their availability in ad-
ministrative data.* These measures combine a range of indicators,
including income, employment, housing, education, and environ-
mental conditions, to provide a broad measure of socioeconomic
disadvantage.* While these composite measures offer a useful
overview of deprivation and capture both individual and contextual
factors, when used as a marker of socioeconomic disadvantage in
health research, they can obscure important heterogeneity within
populations and make interpretation more challenging.5 As a result,
the distinct relationships between specific dimensions of depriva-
tion, such as education, housing, or income, and SMM remain poorly
understood.

Disaggregated analyses are particularly important for minoritized
ethnic groups, who are both overrepresented in the most deprived
areas®® and face higher risks of maternal mortality and SMM.12¢
While a recent study in England found limited evidence for effect
modification by ethnicity in the association between overall depri-
vation and SMM,? it remains unclear whether these findings hold
when examining specific domains of deprivation, such as education
or housing, in relation to SMM outcomes.

To address these gaps, this study disaggregated both the com-
posite neighborhood deprivation measure, the Index of Multiple
Deprivation (IMD) and the composite SMM outcome into their
component parts to explore the specific associations between
deprivation and SMM. It also examined whether these relation-

ships varied across ethnic groups, providing insights that can

area-level deprivation may obscure the diverse impacts of specific deprivation fac-
tors, and individual-level socioeconomic measures are needed to clarify pathways
contributing to SMM risk.

health inequalities, maternal health, severe maternal morbidity, socioeconomic disadvantage

Key message

Socioeconomic disadvantage is associated with severe
maternal morbidity (SMM), and the gap appears to be
widening. Sepsis, embolism, and cardiac events are key
conditions driving the association. However, more precise
measures of disadvantage are needed to understand the
causal pathways to SMM.

guide more precise and impactful responses to maternal health

inequities.

2 | MATERIAL AND METHODS

2.1 | Study design

A retrospective nationwide population-based cohort study was
conducted using the English National Hospital Episode Statistics
Admitted Patient Care (HES APC) database. Patient and public

involvement for this study is described in Box 1.

2.2 | Datasource

The HES APC, a national database that records hospital admissions
within the National Health Service (NHS), covers 97% of births in
England.7 It includes demographic and clinical data and specific
maternity information. More information about the HES APC
and the data cleaning process is available elsewhere.® In the HES
APC, the diagnoses are based on the International Classification of
Diseases, 10th revision (ICD-10) codes, and operative procedures
follow the Office of Population Censuses and Surveys Classification

of Interventions and Procedures, version 4 (OPCS-4) classifications.
2.3 | Ethics committee approval, data
availability and reporting

Under the assessment of the NHS Health Research Authority, using
the HES APC data to conduct epidemiological and health service
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BOX 1 Patient and public involvement.

We conducted a focus group with six women who had a
recent experience with pregnancy and faced multiple dis-
advantages. The discussion focused on using routine health
data to assess neighborhood deprivation. The women were
comfortable with having this data collected and using it to
categorize the level of disadvantage. They expressed sup-
port for using routine data to enhance understanding of

how these factors impact pregnancy outcomes.

The participants emphasized the critical role of ethnicity
in maternal health research, particularly how it relates to
socioeconomic disadvantage, prompting a modification of
the study design to explore how different aspects of depri-

vation intersect with ethnicity.

The group also shared personal experiences of socioeco-
nomic disadvantage, highlighting the detrimental effects of
poor housing and housing insecurity on pregnancy, as well
as the challenges of managing unemployment benefits. They
discussed how these factors negatively impacted their preg-
nancies. Additionally, they spoke of experiences of discrimi-
nation and disrespect from maternity staff due to their social
factors. Despite these challenges, they expressed a desire
for their sociodemographic information, such as income
level and educational attainment, to be shared with health-
care providers, believing that this would better support the

care given to women during pregnancy.

research at the University of Oxford does not need research ethics
committee approval as it is anonymized data. This study is reported
according to the RECORD Guidelines.”

2.4 | Study population, exposure and outcome

This study included all women aged 10-55years who gave birth (sin-
gleton and multiple pregnancies) between 1st January 1, 2013, and
March 31, 2023, in a hospital and with a gestational age 220 weeks.
Women with missing IMD data (2.3%) were excluded. If a woman
had more than one pregnancy and birth during this period, only one
birth was randomly selected to avoid clustering effects, as the mul-
tilevel models chosen failed to converge when they included two
levels (IMD and multiple births per woman). The primary exposure
was the composite IMD, and the secondary exposures were nine do-
mains and subdomains. Further information on the IMD is detailed
in the supporting information Methods. The Health Deprivation and
Disability domain was excluded because its rankings are based on
health outcome data from HES APC. National rankings were catego-
rized into quintiles, with the first being the least deprived and the
fifth most deprived. Outcomes included SMM at the time of birth,

identified using an updated English Maternal Morbidity Outcome
Indicator (EMMOI), which includes 21 diagnoses and 16 proce-
dures. ! The details of which are shown in Table S1.

Covariates were selected using a Directed Acyclic Graph (DAG).
Information on the covariates is included in the supporting informa-
tion Methods and Table S2.

2.5 | Statistical analysis

Statistical analysis was performed using Stata version 18 (StataCorp.
2023. Stata Statistical Software: Release 18. College Station, TX:
StataCorp LLC). Statistical significance was assumed to be a p-value
<0.05. A complete case analysis excluding 200950 women with
missing information on ethnicity was used for all models.

The characteristics of included women are presented as number
and percentage stratified by the composite IMD quintile. The inci-
dence rate of SMM for each composite IMD quintile and each ethnic
group was calculated as SMM per 1000 maternities. Pearson cor-
relation coefficients were calculated between the different domain/
subdomains of the IMD. A multilevel Poisson regression model with
arandom intercept was used to account for clustering between indi-
viduals who shared the same postcode (LSOA).8 For the composite
IMD and each domain/subdomain of IMD, multilevel multivariable
Poisson regression models were built to estimate the risk ratio (95%
confidence interval) of SMM in the different quintiles of deprivation
compared to the least deprived quintile, respectively. Model 1 ad-
justed for age, year of birth, parity, and ethnicity. Model 2 included
model 1 and any additional variables identified as confounders for
that specific domain/subdomain (which did not apply to the com-
posite IMD measure). Model 3 included model 2 and pre-existing
medical conditions, mental health, and smoking/substance misuse.
Additionally, Model 1 was used to compute estimates separately for

the major components of the composite SMM outcome.

2.6 | Effect modification by ethnicity

Likelihood ratio testing evaluated effect modification by ethnicity.
If P,

interaction
were compared to a reference point (the least deprived White

<0.05 indicated effect modification, all ethnic groups

women category). Absolute measures were calculated using average
adjusted predictive margins to compute average probabilities of

SMM for each ethnicity and IMD quintile category.

2.7 | Population attributable fraction (PAFs)

Univariable and multivariable population attributable fractions
(PAFs) and their 95% confidence intervals were calculated using
the “punaf” command in Stata for each measure of socioeconomic
deprivation. The attributable fraction was defined as the differ-
ence between observed and expected SMM cases, divided by the
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Incidence rate of SMM per 1000 maternities

——— Total

—— Most deprived 20%

—— More deprived 20-40%
More deprived 40-60%

—— Less deprived 60-80%

——— Least deprived 80-100%

T T T T T T T T T T T
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

FIGURE 1 The crude incidence rate (N per 1000 maternities) of SMM over time by the composite Index of Multiple Deprivation.

observed number of SMM cases. This fraction indicates the propor-
tion of SMM that would not have occurred if the risk matched that
of the reference group. The analysis used women in the highest so-
cioeconomic quintile or those from a White ethnic background living
in the highest socioeconomic quintile as the reference group, applied

to the entire cohort.

3 | RESULTS

3.1 | Descriptive statistics

The study included 4040106 women with a mean age of 30 at
childbirth. Details of the cohort are shown in Figure S1 and Table S3.
The overall incidence of SMM was 17.7 (95% Cl 17.6-17.8) per 1000
maternities. Women living in the most deprived quintile were more
likely to experience SMM, be younger, belong to minoritized ethnic
groups, live in urban areas with higher percentages of non-UK born
residents, and reside in Yorkshire and the Humber, the North West,
the West Midlands, or London. They were also more likely to be
multiparous, have a history of smoking, or substance misuse, be
obese, have pre-existing mental health issues, have unassisted vertex

births and register their pregnancies 212 weeks. During 2013-2023,
the incidence rate of SMM appeared to increase over time with a gap
between the most and least deprived IMD quintiles (Figure 1). This
increase over time was also evident among different ethnic groups
(Figures S2 and S3). The main causes of SMM were sepsis (40%),
acute renal failure (14.4%), and management of intra-abdominal or
vaginal collections (14.7%) (Figure S4). Sepsis and acute renal failure
appeared to be the main conditions driving the increase over time.
Income and employment were the most closely correlated domains/
subdomains (correlation coefficient: 0.901) (Table S4).

3.2 | Multivariable analysis

There was a dose-response relationship between composite IMD
and SMM risk in Model 1 (Table S5, Figure 2), with an adjusted
risk ratio of 1.21 (95% Cl 1.17-1.24) for the most deprived IMD
quintile compared to the least. Women in the most deprived
areas faced higher risks of sepsis, acute renal failure, and “all other
SMM conditions,” but not pelvic or intra-abdominal collection
management (Figure 3). A detailed breakdown of “all other SMM
conditions” (Figure S5) showed a dose-response with increasing

FIGURE 2 Adjusted risk ratio and 95% confidence interval (RR [95% Cl]) of severe maternal morbidity (SMM) in each of the composite
IMD quintiles compared to the least deprived quintile. All domains are adjusted for age, year, parity, and ethnicity. Income and employment
are additionally adjusted for neighborhood % not born in the United Kingdom and neighborhood English language proficiency. Indoor

living environment is additionally adjusted for neighborhood income and neighborhood English language proficiency. The outdoor living
environment is additionally adjusted for neighborhood income, neighborhood English language proficiency and neighborhood % not born

in the United Kingdom. Children and young people are additionally adjusted for % not born in the United Kingdom and neighborhood
English language proficiency. Wider barriers are additionally adjusted for neighborhood income, neighborhood English language proficiency,
neighborhood % not born in the United Kingdom, and urban/rural. Geographical barriers are additionally adjusted for neighborhood income,
neighborhood % not born in the United Kingdom, urban/rural, and air pollution. Crime is additionally adjusted for neighborhood income,
neighborhood % not born in the United Kingdom, neighborhood English language proficiency, and urban/rural.
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Incidence Adjusted RR
Total  SMM (%) (95% Cl)
Composite I
1 (Least) 580,055 1.52 Reference
2 650,469 1.62 T —— 1.05(1.02-1.08)
3 737,849 1.74 —— 1.12(1.09-1.15)
4 869,377 1.87 | —— 1.18(1.15-1.22)
5 (Most ) 1001406 1.89 ——  1.21(1.17-1.24)
Income |
1 (Least) 550,541 1.55 * Reference
2 643,238 1.62 '—0— 1.04(1.00-1.07)
3 766,300 172 —— 1.07(1.04-1.10)
4 882,781 1.84 —_—— 1.12(1.08-1.18)
5 (Most ) 996,296 1.92 I —_—— 1.16(1.12-1.20)
Employment l
1 (Least) 602,182 1.6 Reference
2 682,927 1.7 —— 1.08(1.04-1.11)
3 771,729 1.75 I —— 1.08(1.05-1.11)
4 848,228 1.85 —— 1.13(1.09-1.16)
5 (Most ) 934,090 1.83 | —_—— 1.15(1.11-1.19)
Crime
1 (Least) 551,947 1.54 * Reference
2 659,787 1.61 —_— 0.98(0.95-1.01)
3 767,518 1.74 —_Ot 0.99(0.96-1.02)
4 869,846 1.85 1.00(0.97-1.03)
5 (Most ) 990,058 1.92 —O—l— 0.98(0.95-1.02)
Living enviorment: Indoors
1 (Least) 663,257 1.61 t Reference
2 722,814 1.73 1.03(1.00-1.06)
3 785,053 1.77 —— 1.04(1.01-1.07)
4 830,873 1.85 | —— 1.05(1.02-1.08)
5 (Most ) 837,159 .018 —r— 1.05(1.02-1.08)
Living enviroment: Outdoors I
1 (Least) 620,474 1.52 Reference
2 673,342 1.56 —z— 1.00(0.97-1.03)
3 736,241 1.63 —— 1.02(0.99-1.05)
4 835,013 1.78 '—0— 1.03(1.00-1.06)
5 (Most ) 974,086 2.13 —— 1.06(1.03-1.10)
Education, skills and training: Adult Skills I
1 (Least) 640,881 1.73 * Reference
2 670,776 17, 1—0— 1.02(0.99-1.05)
3 737,682 1.74 —_—— 1.05(1.02-1.08)
4 825,355 1.8 —— 1.09(1.06-1.12)
5 (Most ) 964,462 1.79 | —_— 1.10(1.06-1.13)
Education, skills and training: Children and Young peoplel
1 (Least) 573,754 1.66 Reference
2 690,076 1.8 —_— 1.05(1.01-1.07)
3 784,926 1.84 —_—— 1.05(1.02-1.08)
4 855,885 1.8 —— 1.07(1.04-1.10)
5 (Most ) 934,515 1.67 | —— 1.06(1.03-1.09)
Barriers to housing and services: Wider barriers
1 (Least) 559,593 1.55 * Reference
2 645,705 1.53 —_—— 1.01(0.98-1.04)
3 736,118 1.57 :t:: 1.01(0.98-1.04)
4 850,609 1.68 1.01(0.98-1.05)
5 (Most) 1047131 221 I —— 1.14(1.10-1.20)
Barriers to housing and services: Geographical barriers
1 (Least) 860,588 2.1 * Reference
2 799,613 1.82 — 0.95(0.93-0.97)
3 766,790 1.78 - 0.96(0.94-0.99)
4 736,210 1.63 — | 0.94(0.91-0.96)
5 (Most ) 675,955 1.59  =—t— | 0.92(0.88-0.95)
| | I I D D I
85 .95 1 105 11 115 12 125

Gyneg@lBgica
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Incidence Adjusted RR
Total SMM (%) (95% Cl)

I

Sepsis |
1(Least) 580,055 0.70 T Reference
2 650,469 0.50 —_— 1.14(1.08-1.20)
3 737,849 0.60 | —_—— 1.26(1.19-1.32)
4 869,377 0.68 I —_—— 1.40(1.33-1.47)
5(Most) 1,001,406 0.79 : —_—— 1.43(1.36-1.50)

Acute renal failure [
1(Least) 580,055 0.27 * Reference
2 650,469 0.30 | ——— 1.10(1.03-1.18)
3 737,849 0.31 | —_—— 1.15(1.07-1.23)
4 869,377 0.31 | —_— 1.19(1.11-1.27)
5(Most) 1,001,406 0.28 | —_—— 1.12(1.05-1.20)

Management of collection l
1(Least) 580,055 0.27 Reference
2 650,469 0.26 —o—l— 0.96(0.90-1.04)
3 737,849 025 —e—1— 0.96(0.89-1.03)
4 869,377 0.27 — 0.99(0.92-1.06)
5(Most) 1,001,406 025 —o—| 0.93(0.87-1.00)

I

All other SMM |
1(Least) 580,055 0.56 ? Reference
2 650,469 0.56 T 1.02(0.98-1.07)
3 737,849 0.59 | —_—— 1.07(1.02-1.12)
4 869,377 0.62 | —_—— 1.11(1.06-1.16)
5(Most) 1,001,406 0.69 | —_—— 1.23(1.18-1.29)

|

I I I I | I | I
.85 1 1.0 1.15 1.25 1.35 1.45 1.55

FIGURE 3 Adjusted risk ratio and 95% confidence interval (RR (95% Cl)) of sepsis, acute renal failure, management of collection and “all
other SMM” conditions in each of the composite IMD quintiles compared to the least deprived quintile. Adjusted for age, year, parity and

ethnicity.

deprivation associated with higher risks of acute cardiac or embolic
events, with embolic events having the strongest association (aRR
1.97, 95% Cl 1.69-2.29) for women living in the most compared to
the least deprived IMD quintile.

Univariable and multivariable multilevel model results for nine
domains/subdomains are shown in Tables S6-514. There was a dose-
response relationship between the domains/subdomains, neighbor-
hood income, employment, outdoor living environment, and adult
skills and SMM, although the risk associated with the outdoor living
environment was small (aRR: 1.06, 95% CI 1.03-1.10) (Figure 2). The
subdomain, geographical barriers, was associated with an 8% lower
risk of SMM (95% Cl 0.89-0.95) for women living in the most de-
prived neighborhoods compared to the least. The subdomain, wider
barriers, was associated with a 14% increased risk for SMM in the
most deprived quintile (aRR 1.14, 95% Cl 1.10-1.20). There was no
evidence of an association between crime and SMM.

3.3 | Effect modification by ethnicity

Ethnicity modified the association between both neighborhood
education domains and SMM (adult skills (P =0.048), and

interaction

=0.01), and SMM) but not

for other domains/subdomains. Figures S6 and S7 show average

children and young people (P, ;. .ction
adjusted predictive probabilities for each ethnic group by neigh-
borhood education quintile. For White women, there was a dose-
response relationship between lower adult skills and children's
educational attainment and SMM risk with predicted probabilities
of 1.65% (95% Cl 1.62%-1.69%) and 1.59% (95% Cl 1.56%-1.62%),
respectively, in the most deprived quintiles. Predictive probabili-
ties were higher for all minoritized groups than for White women
across all educational attainment quintiles. Women of Bangladeshi
origin living in areas with the highest neighborhood adult skills and
second-highest neighborhood children's educational attainment had
the highest SMM risk, with predicted probabilities of 3.46% (95% ClI
2.93%-4.00%) and 2.93% (95% Cl 2.44%-3.42%), respectively.

3.4 | Population attributable fractions (PAFs)

Socioeconomic deprivation measured using the composite IMD
accounted for 11.4% (95% Cl 9.5%-13.2%) of SMM. The domains,
neighborhoodincome and employment, had the highest PAFsat 8.2%
(95% Cl 6.1%-10.3%) and 7.8% (95% CI 5.8%-9.8%), respectively
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(Table 1). About 20% (95% Cl 17.7%-21.4%) of SMM could be at-
tributed to socioeconomic deprivation (measured using the compos-
ite IMD) and ethnic inequality (Table 1). Among IMD domains and
ethnic inequality combined, neighborhood income and employment
again showed the highest PAFs at 16.5% (95% Cl 14.4%-18.6%) and
15.9% (95% Cl 13.9%-17.9%), respectively (Table 1).

4 | DISCUSSION

This study used routinely collected hospital admissions data of
4040106 maternities from 2013 to 2023 in England and showed an
overall incidence of SMM of 17.7 per 1000 maternities. Income and
employment had the strongest association with SMM among the indi-
vidual IMD domains/subdomains. If all women faced the same risks as
those living in the highest-income neighborhoods or in areas with the
highest level of employment, 8% of SMM could be reduced. The rela-
tionship between SMM and the education, skills and training domain
varied across ethnic groups, where a dose-response association was
observed only for White women. The proportion of SMM attributable
to ethnic and socioeconomic disadvantage was approximately double
that of the proportion attributable to disadvantage alone, highlighting
the importance of considering both ethnic and socioeconomic inequal-
ities when designing interventions to reduce SMM.

During the study period, the incidence rate of SMM increased
from 8.7 (95% Cl 8.5-9.0) per 1000 maternities in 2013 to 27.8 (95%
Cl 27.2-28.9) per 1000 maternities in 2022. A possible explanation
for this increase could be that the population of women giving birth
is becoming older, more obese, and with a greater number of medical
complexities.*?*® This could be due to a greater number of medi-
cal interventions, such as induction of labor or cesarean birth.}%
It was not possible to determine if this increase was due to a true
increase in clinical cases, increased recognition, or a change in cod-
ing practices. Over time, the SMM risk gap between the most and
least deprived quintiles appeared to widen, with the most significant
increase in risk observed in the most deprived and second most de-
prived groups. This trend is also reflected in the most recent confi-
dential enquiry into maternal deaths in England (2021-2023) where
there was an increase (although not statistically significant one) in
the disparities in maternal deaths in the most and least deprived
neighborhoods compared to the 2019-2021 report.!

This study showed that sepsis, acute cardiac events, and embo-
lism play a key role in the association between deprivation and SMM,
with women living in the most deprived areas having a risk ratio of
1.43, 1.24, and 1.97 for each of the conditions, respectively, com-
pared to women living in the least deprived areas. This offers a more
nuanced understanding of the relationship between deprivation and
SMM than has been described in previous studies, and is a key focus
for policy intervention.? The association between living in the most
deprived area and sepsis could be driven by factors such as differ-
ences in antenatal care uptake and continuity,“’ delayed medical at-

1718 increased risk of pre-existing conditions such as diabetes

19,20 for

tention,

and hypertension'’ and the increased labor induction rate

women living in deprived areas, all increasing susceptibility to infec-
tions. Poor housing and overcrowded living conditions in deprived
areas may also contribute to infection risks.??2 Women living in de-
prived communities were also more likely to be obese and to smoke,
which are both associated with thromboembolism?® and cardiac
events,?* which may explain the increased risk of these conditions.

This study highlighted the limitations of using a composite depriva-
tion measure, such as the IMD, to study the association between socio-
economic disadvantage, and SMM. The strength of association varied
by different aspects of neighborhood deprivation. Notably, neighbor-
hood income and employment appeared to have the strongest associa-
tion with SMM, with SMM risk increasing proportionally to decreasing
relative neighborhood income and employment. Other studies have
also found an association between neighborhood income and SMM,
indicating that low income could play a crucial role in the relationship
between deprivation and adverse maternal health outcomes.* There
was also a dose-response relationship between the outdoor living en-
vironment and the risk of SMM, although this effect was small. This
may reflect that the environment has less of an immediate impact on
SMM than material resources. The findings concerning housing issues
and SMM, measured using the wider barriers subdomain, align with the
results from a study in the United States (US)?® that reported a 73%
increase in the risk of SMM for women living in a municipality with a
higher rent to income ratio. However, in our study, an association be-
tween wider barriers and SMM was only seen in the most deprived
quintile suggesting that housing problems may only affect SMM risk at
the extreme end of the spectrum. However, the lack of observed asso-
ciations in the other quintiles could also be due to power limitations in
detecting smaller effects in less deprived groups.

Contrastingly, in comparison to the other domains/subdomains,
areas with high geographical barriers to services were associated
with a lower risk of SMM, with women living closest to services
showing a higher risk. These findings may reflect that urban areas
with better access to amenities and services also tend to experi-
ence higher poverty levels and social problems.?®?” These factors
may lead to a higher concentration of high-risk pregnancies in these
areas, which in turn increases the risk of SMM. In contrast, although
women in rural areas may have less access to healthcare, they may
encounter fewer social challenges, explaining the lower overall risk
despite limited resources.?® An implication of the inverse relation-
ship between the subdomain, geographical barriers, and SMM risk
could be that it may dilute the impact of other dimensions of depri-
vation when combined into a single composite score, potentially
masking important disparities.

In addition, the study demonstrated evidence for effect modifi-
cation by ethnicity only for neighborhood education and SMM, but
not for any of the other disadvantage domains, highlighting a further
disadvantage of using a composite measure of deprivation. The dose-
response relationship observed among women of White ethnicity
for neighborhood education, skills, and training was not observed
for women in any of the minoritized ethnic groups. This pattern was
observed in both the children and young people subdomain, which
reflects school attainment and access to higher education, and the
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adult skills subdomain, which includes neighborhood English language
proficiency and adult qualifications. One possible explanation is that
minoritized ethnic women may face additional barriers, such as dis-
crimination and limited access to culturally appropriate care,’ regard-
less of their education, skills, or training. Furthermore, due to migration
patterns, the level of socioeconomic disadvantage may be more likely
to be misclassified for minoritized ethnic women than White women.
This is especially true in the children and young people subdomain,
which measures school attainment, where women from minoritized
ethnic groups who migrated as adults may have had different edu-
cational experiences than younger generations born in the area. This
finding has important implications for studies that use neighborhood
education levels as a proxy for disadvantage in diverse communities.
The strengths and limitations of using a large-population-based
administrative database and a composite outcome of SMM have
been described elsewhere.? To our knowledge, this study is the first
to explore how various forms of deprivation are associated with
SMM, which provides a more detailed understanding of the neigh-
borhood factors most closely linked to SMM. Combining all Asian or
all Black women into broader categories may oversimplify the socio-
economic, cultural, and biological differences within these groups.29
Categorizing ethnicity into ten subgroups allowed for a greater un-
derstanding of the intersection of socioeconomic disadvantage with
ethnicity. Additionally, this is the first study to disaggregate different
components of SMM, offering valuable information on which spe-
cific conditions should be targeted to reduce disparities in SMM.
However, a significant limitation of the study is the reliance on
area-level deprivation scores. While area-level measures are useful
for understanding contextual deprivation, a key issue is the risk of
misclassification if they are used as proxies for individual-level socio-
economic disadvantage, where women who are not socioeconomi-
cally disadvantaged may still live in deprived areas. Another limitation
of area-based measures is that they may conceal how socioeconomic
disadvantage interacts with ethnicity and migration status. Migrants
or individuals from ethnic minorities who do not experience socio-
economic disadvantage in the traditional sense based on income,
education, or occupation may still reside in areas of high deprivation

t.3% The small numbers of

due to patterns of migration or settlemen
certain ethnic groups living in the least deprived areas may have re-
sulted in insufficient power to detect an association. This study was
further limited as migration status was not available in the data to
explore this in more detail. Another study limitation is the significant
amount of missing data on gestational age at birth and birthweight,
variables which were used to define the cohort of 220weeks. There
was also missing data on important confounders such as parity
and the risk of false negatives of the outcome coded using ICD-10
and OPCS-4 codes, the impact of which is discussed in detail else-
where.? There was also missing data on ethnicity, which could intro-
duce bias because ethnicity is associated with both deprivation and
SMM. However, given that the proportion of missing data was small
(<5%), any resulting impact on the findings is likely to be minimal.
Finally, women with a gestational age at birth <20weeks could not
be included because the HES APC lacks a reliable denominator for

this group; pregnancy losses before 20weeks are not consistently
captured in hospital records. As spontaneous or induced abortion
may be associated with both the exposure and the outcome, this
could introduce bias. Nonetheless, most SMM conditions occur after
20weeks' gestation, and the EMMOI was specifically designed for
this population, reducing the likelihood of major impact.

5 | CONCLUSION

There appears to be a widening gap in the risk of SMM between women
living in the least and most deprived areas in England, with sepsis, cardiac
events, and embolism showing the strongest association with depriva-
tion. However, the use of composite area-level deprivation measures may
obscure the varying impacts of different aspects of deprivation aspects
how these intersect within different ethnic groups. Individual-level data
on socioeconomic disadvantage is crucial to better understand the path-
ways contributing to SMM risk and to develop targeted interventions to
reduce the disparities in SMM demonstrated in this study.
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